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Summary 
To assess the appropriateness oi inpatient antibiotic use, a 
&week prospective survey in medical, surgical and gynaeco- 
logical wads was undertaken at Groote Schuur Hospital. A 
total of 224 prescriptions comprising 680 antibiotics were 
analysed. Of all patients in the medical, gynaecdogy and 
surgery wards, 27%, 26,5% and 32%, respectively, were pre- 
scribed antibiotics. The greatest number of inappropriate 
prescriptions - 54% - were found in the gynaecdogy ward. 
Prophylactic antibiotic use was highest in the surgical ward 
at 41% where a very satisfactory 91% was considered appro- 
priate, whereas 66% of gynaecological prophylaxis was 
inappropriate. Therapeutic use was highest and more often 
appropriate in the medical wards. Antibiotics classified as 
restricted according to the hospital antibiotic policy were 
generally used appropriateiy, whereas inappropriate choice, 
dose, frequency of administration, duration, and unnecessary 
antibiotic use were encountered in 22 - 100% of cases with 
unrestricted antibiotics. Particular problems pinpointed in 
this survey included excessive dosages of penicillin G and 
amoxycilfin, an irrational protocol for the treatment of pelvic 
sepsis in gynaecology, and frequent inappropriate selection 
of erythromycin. The greatest expenditure was on amikacin, 
the only aminoglycoside allowed according to the existing 
antibiotic policy. 
Expenditure on antibiotics comprises a substantial propomon 
of drug costs. Misuse of antibiotics increases not only the cost 
of medical care, but also the prevalence of resistant organisms 
and adverse Attention has been drawn to the indis- 
criminate and inappropriate use of antibiotics.526 
A decrease in the annual pharmaceutical budget at Groote 
Schuur Hospital, a 1500-bed teaching hospital, necessitated 
substantial cost savings in all high-cost areas. Although there 
is a microbiological consultation service, and an existing anti- 
biotic policy, this is designed primarily to control the emer- 
gence of resistant organisms. A limited audit was performed to 
determine whether antibiotic use was appropriate in medical, 
general surgical and gynaecology wards. 
Patients and methods 
A prospective study was conducted during March - May I389 
where inpatient prescriptions for antibiotics were monitored 
for 4 weeks in 5 general medical, a general surgical and a 
gynaecological ward. The wards were visited daily, and all new 
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prescriptions for antibiotics were recorded together with any 
concurrent drugs. Details of the patient's name, age, sex, 
clinical history and diagnosis, indication for antibiotic treatment 
and results of the microbiological investigations, temperature, 
white cell count and differential count, antibiotic blood levels 
and relevant radiographs were recorded using patient files and 
ward computers. Each patient's prescription sheet was reviewed 
daily and changes were recorded until antibiotics were stopped. 
The prescriptions were divided into one of the following 
three categories: (3 therapeutic - defined as the use of 
antibiotics based on culture results; (iz] empiric - where there 
were no conclusive microbiological results; and (iiz] prophy- 
lactic - for prevention of possible infection. 
Completed data sheets were analysed by a microbiologist 
(S.P.O.), who answered 'yes' or 'no' to the following questions 
for each prescription: (z] was the antibiotic necessary? (iz] was 
it an appropriate choice? (iiz] was the dose appropriate? (iv) 
was the frequency of dosage appropriate? (v) was the route of 
administration appropriate? and (v4 was the therapy of suitable 
duration? 
Prescriptions were considered appropriate when the answers 
to all the questions were 'yes'. When at least one of the 
answers was 'no', the prescription was considered inappro- 
priate. 
The medical staff were aware of the survey, but to minimise 
influence on prescribing habits they were questioned about 
prescriptions only if information in the case notes was seriously 
inadequate. The hospital antibiotic policy, whereby a limited 
list of antibiotics are divided into an unrestricted and a 
restricted (requiring authorisation by a microbiologist (Table 
I)) category, remained in operation during the study, as did 
the microbiology consultation service for problem infections. 
TABLE I. LIST OF AVAILABLE ANTIBIOTICS 
Unrestricted Restricted* 
Amoxycillin Cefaclor. 
Ampicillin Ceftazidime 
Amikacin Ceftriaxone 
CO-trimoxazole Clindamycin 
Chloramphenicol Cloxacillin 
Erythromycin Flucloxacillin - 
Metronidazole Fusidic acid 
Penicillin Piperacillin 
Tetracycline Vancomycin 
Sulphonamides 
'Restricted drugs are available for use only wirh h e  approval of a microbiologist. 
Results 
A total of 224 prescriptions (131 from medical, 54 from 
gynaecological and 39 from surgical wards) comprising 680 
antibiotics were analysed. Seven prescriptions were excluded 
from the study due to insufficient clinical data. The mean ages 
of the patients in the medical, gynaecology and surgery wards 
were 52, 37 and 49 years, respectively. The percentage of all 
patients receiving antibiotics in the medical wards was 27, in 
263, and in surgery 32. A list of the wditioqs 
requiring antibimtic trearment is given in Table 11. A com- 
parison of therapeutic, empiric and prophylactic antibiotic 
usage and the total number of prescriptions dass i f i  as 
appropriate are given in Table.111 and Fig. 1. Therapeutic use 
was highest in the medical wards at 7796, compared with 45% 
inthegyoaeoologyand2046inthesurgicalwardEmpiricuse 
was lowest in the medical wards at 2296, and was similar in the 
gynaecology and surgical wards at 3696 and 3996, respectively. 
Prophylactic antibiotic usage was highest in the surgical ward 
at 4196, compared with 19% in the ward and a 
negligible 1% in the medical wards. The highest number of 
inappropriate prescriptions, 5446, were found in the gynae- 
cology ward. Thirty-six per cent of medical and 30% of 
s&cal prescriptions were considered to be inappropriate. 
Further analysis of therapeutic antibiotic use shows that the 
medical wards- were slightly better with 66% appropriate, 
compared with 5996 in the surgical and 48% in the gynaecology 
wards. Prophylactic usage in the surgical ward was appropriate 
TABLE II. CONDITIONS TREATED 
No. of patients 
Gynae. Surg. Med. 
WARDS 
inappropriate 
in 91% of cases, for example, ampicillin 2 g intravenously and 
amikacin 500 mg intravenously haEf an hour before and 6 
hours after b i i  surgery. However, 66% of gYnaea,logy 
antibiotic prophylaxis was inappro$riate. Errors included 
excessive dosage and duration of penidllia (5 -on units 6- 
hourly for 10 doses), excessive duration of a m b c h  (500 mg 
twice a dav for 4 doses), the unnecessari use of roliteuacvcline 
(275 mg &ice a day f& 4 doses) and r&etronidazole (l  +ice 
a dav for 10 doses). and incorrect choice of ervthromvdn and 
amoXycillin in pah& undergoing elective hy&rectoky with 
or without aophoreaomy for fibroid uterus, carcinoma of the 
cervix or plycystic ovaries. Empiric usage was generally poor 
with only 5946, 55% and 4996 of prescriptions appropriate in 
rhe medical, surgicaI and gynaecology wards, respectively. 
Inspection of the reasons for inappropriate usage revealed 
that in the medical, gynaecology and surgical wards, respec- 
tively, 17%,21% and 23% of prescriptions were considered to 
be unnecesary, in 12%, 13% and 21% the choice was inappro- 
priate, in 2646, 1996 and 23% the dose was considered to be 
incorrect, and in 1 l%, 14% and 15% the duration of usage was 
incorrect. route of -n was nniformIy appro- 
priate in alI the wards invesrigated. 
An analysis of individual antibiitic usage in the medical 
wards and the reasons for inappropriate use are presented in 
TABLE Ill. APPROPRiAlpJESS OF THERAPEUTIC, EMPIRIC AND PROPHYLACTIC = 
ANTlBlOTlC USE 
Medical Surgical Gynaecological 
No. % No. % No. ,% 
No. of patients 131 39 54 
No. of antibiotics 328 t66 186 
mpeut ic  254 n 34 20 83 45 
Appropriate 167 66 20 59 40 48 
EmphZc 71 22 64 39 68 36 
Appropriate 42 59 35 55 33 49 
Roph- 3 1 68 41 35 19 
Total 
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TABLE IV. REASONS FOR INAPPROPRIATE ANTWOTIC USE IN MEDICAL WARDS 
Appropriate N e c ~ r y  Correct Correct dose 
No. of prescriptions prescriptions choice and frequency 
Antibiotic prescriptions No. % No. % No. % No. % 
Amikacin 52 41 79 43 83 47 90 49 94 
Am0V-n 80 26 33 66 83 70 88 29 36 
Ampidllin 20 9 45 15 75 16 80 10 50 
CeQdor 5 5 100 5 100 5 100 5 100 
1 0 - 1 1 0 0 0 -  1 100 
Celbiax~ne 24 21 88 22 92 23 96 22 92 
1 l 100 1 100 1 100 l 100 
CMoramphenicd 3 2 67 3 100 3 100 2 67 
Clindamycin 2 2 100 2 100 2 100 2 100 
Cloxacillin 7 4 5 7 4 5 7 6 8 6 5 7 1  
CO-trimoxazde 36 30 83 32 89 32 89 34 94 
Correct 
duration 
No. % 
46 89 
70 88 
15 75 
5 100 
1 100 
22 92 
1 100 
3 100 
2 100 
6 86 
34 94 
Dox~e~cline 3 2 67 3 100 3 100 2 67 3 100 
ErVth-WCin 14 5 36 12 86 9 64 12 86 11 79 
Flucloxecillin 3 2 67 2 67 2 67 2 67 2 67 
Metronkiazde 23 17 74 17 74 21 91 20 87 21 91 
Penicillin G 39 31 80 33 85 36 93 34 87 36 92 
e x y m e w  pen- 10 9 90 10 100 10 100 10 100 9 90 
Tetracycline 2 0 - 0 - 0 - 1 50 1 50 
Table N. The most commonly .prescribed oral antibiotics 
were amoxycillin and co-trimoxazole, and the most frequently 
used parenteral antimicmbials were penicillin G and amikacin. 
It is apparent that certain antiiiotics, such as CO-trimoxazole, 
ceftriaxone, penicillin VK and cefaclor, were mostly used 
appropriately whereas there was substantial inappropriate use 
of cloxacillin (43%), ampicillin (55%), erythromycin (64%) and 
amoxycillin (68%). In the surgical ward the antibiotics most 
commonly used inappropriately were metronidazole (44%), 
erythromycin (54%) and amoxycillin (62%). Ofthe prescriptions 
for amikacin, ampicillin and penicillin, 1496, 1446, and 25% 
were inappropriate, respectively. In the gynaecology ward 
there was a high incidence of inappropriate use with many of 
the antibiotics, including co-trimoxazole 4646, metronidazole 
48%, doxycydine SO%, ampicillin 57%, amoxycillin 62%, peni- 
cillin G 10046, and tetracycline 100%. 
In the medical wards the main explanation for the inappro- 
priate use of ampicillin and amoxycillin was incorrect dosage, 
for erythromycin it was incorrect choice, whereas for cloxacillin 
4 out of 7 prescriptions were considered to be unnecessary. In 
the surgical ward the dose of amoxycillin was incorrect in 56% 
of cases, it was considered unnecessary in 3396, it was the 
incorrect choice in 33% and given for the incorrect duration in 
28%. Metronidazole was considered unnecessary in 3% of 
cases and dose and duration were incorrect in 28% and 2246, 
respectively. Erythromycin was considered unnecessary in 45% 
of prescriptions, the choice was incorrect in 3646, and the dose 
was incorrect in 36%. 
The main explanation for the inappropriate use of penicillin 
G in the gynaecology ward was excessive dosage in 100% of 
prescriptions. Similarly, in all scripts for amoxycillin the dose 
of 500 mg 3 times daily was considered excessive. Prescriptions 
for metronidazole were considered unnecessary in 31% of 
cases, usually where it was prescribed as a discharge medicine 
after an adequate course in the ward. Ampicillin was the 
incorrect choice in 4346, CO-trimoxazole was considered 
unnecessary in 4196, rolitetracycline was incorrectly chosen in 
M46, and doxycycline was given for an inadequate duration of 
1 -7daysin2l%ofcases. 
The total cost of the antibiotics used in all 7 wards during 
the study period is given in Table V. The greatest expenditure 
was on amikadn, refleaing the high cost as well as usage of 
this aminoglycoside. Penicillin G was widely used, often in 
TABLE v. MPENWrURE ON ANlImom WWNG SWlVEY 
Antibiotic No. of scripts Cost (Rs) 
Amikacin 131 7 040.0 
Amoxyciflin 110 500.8 
Ampieillin 67 582.9 
Cefaclor 5 136.4 
Ceftaddime 2 732,4 
Cefbiax~ne 24 2 506,3 
Chlorampheniod 3 137,5 
Co-~xazole  59 624,7 
Clindamycin 2 6064 
Cloxacillin 10 738,7 
Doxycycline 31 36.6 
Erythromycin 26 2 267.5 
Fkrcloxacillin 7 120,O 
Metronidazde 98 121,8 
excessive dosage, accounahg for the high expenditure. Signi- 
ficant use of the expensive agents ceftriaxone and erythromycin 
is apparent, whereas ceftazidime and clindamycin were seldom 
used. The cost of antibiotics per patient per day was R62,lOc 
in the medical wards, R56,lOc in mmaecology, and R35,U)c in 
the surgery ward. 
Discussion 
Indiscriminate and inappropriate use of antibiotics is a wide- 
spread problem imposing a substantial economic burden on 
health care systems. A utilisation review programme is an 
effective way of determining appropriateness of antibiotic 
Although it was anticipated that the existing anti- 
biotic policy and microbiological consultation service at Groote 
Schuur Hospital would have a favourable influence on choice 
of restricted antiiiotics this had never been objectively assessed, 
and there was no information on whether antibiotics were 
administered on adequate grounds or m how wisely non- 
restricted antibiotics are employed, not only with regard to 
choice, but also to dosage and duration. Both overprescribing 
and underprescriiig of antibiotics are bad practice; over- 
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prescribing is associared with increased sidesffkcts, excessive 
expense and, ultimately, emergence of resistant organisms, 
whems underprescniing leads to treatment failure. 
Although assessment Criteria vary between investigators, 
3% inappropriate pxesuiftions in the present study is wmpar- 
able to that of others.' '"l0 Most surveys have found that 
prescriiing is better in medical wards than in surgical or 
gynaecological departments and our results follow this trend. 
Therapeutic use of anti'biotics based on culture results was 
highest in the medical wards (78%), and was more often 
appropriate than in the other wards. Afthaugh overall the 
lowest number of inappropriate prescriptions were found in 
the surgical wards, this may be due in part to the relatively 
small sample size and the fact that 41% of antiiiotics were 
used prophylactically which in 91% of instances was appm- 
priate. Most studies have found that prophylactic antiiiotic 
use is frequently abu~ed,""~'~'~ so this was a pleasing f~nding 
in our survey. The explanation for this is probably that a 
standard protocol designed in collaboration with the hospital 
antibiotic subcommittee is generally used. This contrasted 
with the high incidence of inappropriate prophylactic antiiiotic 
use in the gynaecology ward. The gynaecology department 
also had the highest number of inappropriate prescriptions 
overall (54%). 
That overprescribing is a problem in our hospital is illu- 
strated by the fact that in 19% of cases overall there were 
inadequate grounds for using an antibiotic, and in 23% the 
dose was considered to be incorrect, almost invariably due to 
excessive dosage. Two striking examples were: (4 penicillin G, 
which was frequently prescribed intravenously at a dose of 5 
million units &hourly (2 million units 6-hourly is considered 
an adequate dose, except in the treatment of infective endocar- 
ditis and meningitis); and (n> amoxydllin prescribed at a dose 
of 500 mg 3 dmes a day, where 250 mg 3 times a day is 
considered adequate. This is a reflection of the misguided 
belief that if a small amount of drug is effective a large amount 
must be better - examples of 'spiralling empiricismY.6 
In general, restricted antiiiotics, such as ceftriaxone, clin- 
damycin and cefaclor, were used appropriately. Similarly, 
there was very limited use of expensive restricted antibiotics, 
such as ceftazidime and clindamycin, indicating the favourable 
control bf the antibiotic policy and microbiological consul- 
tation service. Although cloxadin and flucloxacillin were on 
the restricted list at the beginning of the study, they were 
subsequently changed to the unrestricted category, which may 
explain the instances of inappropriate use. 
This study reveals that there is room for improvement in 
antibiotic prm'bing standards at Gmote Schuur Hospital, 
particularly in the gynaecology ward, although empiric anti- 
biotic use was poor in all  three departments. Choice of anti- 
biotic, as well as dose and duration, were frequently inappro- 
priate, and antibiotics were often prescribed unnecessarily. 
Arising from the findings in this study the maximum dose of 
penicillin G, except in the treatment of infective endocarditis 
and meningitis, has now been restricted to 2 million units 6- 
hourly, and of amoxycillin to 250 mg 8-hourly, unless spedal 
permission is obtained fmm the microbiologists. 
Erythromycin was frequently found to be the incorrect 
choice and, since the parenteral form is extremely expensive, 
this has now been placed on the restricted list of antibiotics. 
Much of the problem in the gynaecology ward was related to a 
standard protocol for the treatment of pelvic inflammatory 
disease regardless of severity of infection, comprising penicillin 
5 million units 6-hourly, amikacin 500 mg twice a day, and 
metronidiuole 500 mg 3 times a day. This protocol has smce 
been replaced by a more rational policy comprising oral doxy- 
cycline 100 mg twice a day for 7 days for stage l pelvic 
infections; a single dose of procaine penicillin 4,8 million units 
intramuscularly and 2 doses of rolitetracycline 275 mg intra- 
venously 12-hourly followed by oral doxyqcline l00 mg twice 
a day for 10 days for stage 2 disease; and intravenous cefoxitin 
1 g intravenously &hourly with rnetronidazole suppositories 
1 g &hourly, followed by oral doxyqcline 100 mg twice a day 
for 10 days for stage 3 infections. 
Although the effects of information and education on anti- 
biotic use are confli~ting,'~-'~ it is clear from our findings that 
doctors need fiuther instruction on avprovriate antiiiotic use 
and a regional antibiotic information b&&t is being compiled. 
Cook et d . 8  after an antibiotic survev also concluded that 
attention should be directed at non-restriEted antibiotics, point- 
ing out that their wide use accounts for an appreciably large 
proportion of the drug bill and high selective pressure on 
hospital micro-organisms. The anti'biotic policy at Groote 
Schuur Hospital is under review with due consideration being 
given to cost-effective antiiiotic use. Although- mostly used 
appropriately, the highest expenditure was on the 
only aminoglycoside available according to the present policy 
because resistance of enterobacteria to the other amino- 
glycosides was > 10%. It is hoped that a less expensive amino- 
glycoside, such as gentamicin, wilI shoaly be reintroduced. 
Woodward er' d.13 demonstrated significant cost-saving by 
replacing the use of the medium-priced aminoglycoside tobra- 
my& with low priced gentamicin. 
Although numerous published antibiotic surveys have 
addressed the problems associated with antibiotic use, this 
study: (4 confirms that inappropriate antibiotic prescribing is 
an ongoing problem, particularly with unrestriaed antibiotics; 
(ii) provides two graphic examples of spiralling empiricism; 
(in> illustrates the impact of an irrational protocol on prescrib- 
ing behaviour; and (iv) con f i i  the favourable influence of 
restricting antibiotic use according to an antibiotic policy. It 
also demonstrates that selection of amikacin as theXonly amino- 
glycoside available can prove very expensive. Such a Limited 
survey provides valuable information to enable positive steps 
to be taken towards rational antibiotic use. 
We wish to thank Mrs Faldiela Martin for typing the manu- 
xript. 
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